Background and Purpose. Shoulder impingement syndrome is a common condition and is often managed with an exercise program. The purpose of this study was to examine an exercise program in patients with shoulder impingement syndrome. Specifically, the purpose was to identify changes that might occur in 3-dimensional scapular kinematics, physical impairments, and functional limitations. Subjects. Fifty-nine patients with impingement syndrome were recruited, and 39 patients successfully completed the 6-week rehabilitation program and follow-up testing. Impingement was defined as having at least 3 of 6 predefined clinical signs or symptoms. Methods. Subjects were assessed before and after a 6-week rehabilitation program and again at 6 months. Pain, satisfaction, and function were measured using the University of Pennsylvania Shoulder Scale. Range of motion, isometric muscle force, and 3-dimensional scapular kinematic data also were collected. Subjects were given a progressive exercise program that included resistive strengthening, stretching, and postural exercises that were done daily at home. Subjects also were given shoulder education related to anatomy, the basic mechanics of impingement, and strategies for reducing load on the shoulder. Each subject attended one physical therapy session per week for a 6-week period, primarily for monitoring and upgrading the exercise program. Pretest and posttest scores were compared using paired t tests and repeatedmeasures analysis of variance. Results. Passive range of motion increased for both external and internal rotation but not for elevation. Abduction external and internal rotation force all increased. There were no differences in scapular kinematics. Improvements were found for pain, satisfaction, and shoulder function and for Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36) scores related to physical function. At 6-month follow-up, improvements made in pain, satisfaction, and function were maintained. Discussion and Conclusion. The use of this exercise protocol in the management of shoulder impingement syndrome may have a positive impact on patients' impairments and functional limitations. Our findings suggest a relatively simple exercise program combined with patient education may be effective and, therefore, merits study in a larger trial using a control group. Changes in scapular kinematics did not appear to be a primary mechanism underlying improvement in symptoms and function. T he term "shoulder impingement" was introduced by Neer 1 and refers to the compression of the rotator cuff, subacromial bursa, and biceps tendon against the anterior undersurface of the acromion and coracoacromial ligament, especially during elevation of the arm. Most authors believe shoulder impingements are the most common cause of shoulder pain, and there is general consensus that impingement is the primary underlying problem or at least a mitigating factor in many rotator cuff disorders. 2- 5 Neer 4 estimated that 95% of rotator cuff tears are due to impingement. In writing about impingement and rotator cuff disease, Cofield stated, "Certainly factors other than impingement alone can be involved, but this unifying concept has been most helpful in viewing various pathologic entities as being different stages of a common underlying process." 5(p975) Because impingement is believed to contribute to the tearing of the rotator cuff, 5 early identification of impingement and intervention are desirable.
Multiple factors have been proposed to contribute to the development of impingement syndrome. These factors include abnormal acromial morphology, 6, 7 aberrant kinematic patterns due to poor rotator cuff or scapular muscle function, 8 -11 capsular abnormalities, 12-14 poor posture, [15] [16] [17] and overuse secondary to repetitive eccentric loading or sustained use of the arm above 90 degrees of elevation. 18 -21 The variation in intervention approaches is directly related to various views on the mechanism leading to impingement. 22 Researchers have investigated the effects of various rehabilitation protocols on people with impingement syn-drome. Brox et al 23 compared a supervised exercise program with acromioplasty or placebo laser treatment in 125 patients with shoulder impingement. The exercise program was not standardized or described in detail but apparently consisted of low-resistance, repetitive rotation exercises done daily for 1 hour with twice-aweek supervision for between 3 and 6 months. The primary outcome measure was a Neer impingement test score (possible score of 100 points, with higher scores being better), which is based on pain (35 points), muscle force (30 points), active range of motion (ROM) (25 points), and radiographic assessment (10 points). They found that both the acromioplasty and exercise groups had improved Neer impingement test scores compared with the placebo group. In a follow-up of these patients 2.5 years later, both the exercise and acromioplasty groups had higher Neer impingement test scores than did the placebo group. 24 Bang and Deyle 25 compared 52 subjects who were randomly assigned to 1 of 2 groups: a group that received supervised exercise with manual therapy and a group that received supervised exercise without manual therapy. Supervised exercise consisted of the following: 2 stretching exercises for the anterior and posterior shoulder performed 3 times for 30 seconds and 6 strengthening exercises performed in 3 sets of 10 repetitions (shoulder elevation, rowing, scapular-plane abduction with the arm medially rotated, horizontal abduction with lateral rotation, seated press-up off a chair, and elbow push-up with shoulder protraction) against elastic tubing of various grades based on a 10-repetition maximum. Manual therapy included individualized joint mobilization, which was not specified but could include passive physiological joint mobilization to the glenohumeral, cervical, or thoracic spine articulations, massage, or muscle stretching techniques. Both groups were treated 2 times per week for 3 weeks with resistive exercise and passive stretching aimed at the anterior and posterior shoulder musculature. The researchers measured pain, isometric force, and function using a shoulder scale that they had developed that had an intraclass correlation coefficient (ICC [3, 1] ) of .81 for test-retest reliability over a 24-hour period. Although both groups showed improvement, the subjects who received manual therapy showed greater gains than the subjects who did not receive manual therapy for all variables.
Some evidence exists that scapular dysfunction is associated with shoulder impingement. Warner et al, 26 using a moiré topography technique, demonstrated a pattern of increased scapular winging with glenohumeral elevation. This winging pattern appears to represent scapular internal rotation and anterior tilting. Recently, 3-dimensional kinematic analysis has demonstrated decreased scapular posterior tilt, 10,11 decreased upward rotation, 11 and decreased scapular external rotation 11 during glenohumeral elevation. Radiographic assessment at multiple joint angles revealed a decrease in scapular posterior tilt and upward rotation at 90 degrees of glenohumeral elevation and a decrease in posterior tilt at 45 degrees of glenohumeral elevation. 27 No study to date has assessed the effect of rehabilitation on scapular function in patients.
The primary purpose of our study was to identify changes that occur in physical impairments (3- 
Method
A repeated-measures design was used, with all measurements being taken before and after a 6-week intervention period. Follow-up measurements of pain, satisfaction, and function also were collected at least 6 months after intervention.
Subjects
A total of 59 subjects were initially recruited and were judged to meet the criteria for the study. Subjects were recruited from the practices of Penn Therapy and Fitness and the Hospital of the University of Pennsylvania and also through general announcements in local printed media. Twenty subjects did not complete the 6-week exercise program and follow-up testing, leaving a total of 39 subjects. Data regarding the reasons for dropping out of the study were not collected systematically. A retrospective review of records revealed that subjects who did not complete the study cited either scheduling problems (nϭ4) or personal circumstances that prevented weekly visits (nϭ4), or they simply did not return and did not give an explanation (nϭ11). One subject elected to have an injection rather than participate in an exercise program. No subject reported an adverse response to the intervention, and subjects were not charged for intervention. This rate of attrition (33%) was similar to the overall rate of patient attrition (inability to complete a scheduled course of outpatient therapy) for the primary site used in the present study (38%). Descriptive characteristics of the subjects are given in Table 1 .
The diagnosis of impingement was made initially by the referring physician and was confirmed by the physical therapist who performed the initial examination. To be classified as having impingement, subjects had to demonstrate at least 3 of the following: (1) a positive Neer impingement test, (2) a positive Hawkins impingement test, (3) pain with active shoulder elevation, (4) pain with palpation of the rotator cuff tendons, (5) pain with isometric resisted abduction, and (6) pain in the C5 or C6 dermatome region. 10 Subjects were excluded if they demonstrated signs of a complete rotator cuff tear or acute inflammation. Signs of a complete tear were: (1) gross weakness in abduction or external rotation as evidenced by a 50% or greater deficit (relative to the uninvolved arm) in isometric force using a hand-held dynamometer and (2) positive magnetic resonance imaging findings for full-thickness rotator cuff tears from previous diagnostic evaluation. Signs of acute inflammation were severe resting pain or severe pain reported during either the Neer or Hawkins impingement test or during isometric resisted abduction. Additionally, subjects who were judged to have cervical spine-related symptoms, glenohumeral instability (as determined by a positive apprehension, anterior drawer, or sulcus test), or previous shoulder surgery were excluded. The study was explained to all subjects who met the criteria, and they were asked to read and sign the informed consent agreement approved by the university institutional review boards (Arcadia University and University of Pennsylvania).
Instrumentation and Measurement Procedures
Three general types of measurements were collected: (1) 3-dimensional scapular kinematics, (2) impairment measurements of posture, motion, and muscle force, and (3) self-reported measurements of pain, satisfaction, and function.
Three-dimensional scapular kinematics. The Polhemus 3Space Fastrak* is an electromagnetic-based motion analysis system that we used for collecting 3-dimensional kinematic data of the shoulder complex and resting posture of both the shoulder and thorax. The details of the instrumentation and the error associated with these measurements have been previously described. 28 -30 The average root-mean-square errors were below 5 degrees for all rotations when compared with sensors mounted directly to the scapula with bone pins. 28 -30 The majority of the error with this method occurs above 120 degrees of humeral elevation. Subjects stood with their feet a comfortable width apart, their heels against a rigid support, and their elbows extended. The thoracic spine, scapula, and humerus were exposed. This position was maintained throughout the digitization and testing procedures. The following anatomic landmarks were palpated and marked with a dark pen by a physical therapist who was experienced with the test protocol: acromioclavicular (AC) joint line, posterior angle of the acromion, and spinous processes of first, third, and seventh thoracic vertebrae (T1, T3, and T7). These marks were used for subsequent receiver mounting and landmark digitization. The transmitter served as a global reference frame and was fixed to a rigid plastic base and oriented such that it was level and its coordinate axes were aligned with the cardinal planes of the human body. The thoracic sensor was placed on the thorax at T3 using double-sided tape. The humeral receiver was positioned on the distal humerus over a neoprene sleeve using elastic straps. The scapular receiver was positioned on the scapula via a custom-made, adjustable scapulartracking jig machined from plastic, which was attached to the skin with Velcro adhesive fasteners.
† We believe the jig remained well fixed to the scapula from these Velcro attachments during motion.
The arbitrary axis systems defined by the Polhemus 3Space Fastrak were converted to anatomically appropriate axis systems by using a series of standardized axes embedded in each segment. 31 These axis systems are derived from a series of points on each segment, which are palpated and individually digitized with a hand-held ўўўўўўўўўўўўўўўўўўўўўўўў probe as follows: thorax: T1, T7, and sternal notch; scapula: AC joint, root of the scapula spine, and inferior angle; and humerus: medial epicondyle, lateral epicondyle, and humeral head. All landmarks were palpated and located with a digitizer connected to the Polhemus system except for the center of the humeral head. This landmark was defined as the point on the humerus that moved the least according to a least-squares algorithm when the humerus was moved through short arcs of mid-range glenohumeral motion. 32 The location of these points and the resultant embedded axis systems are shown in Figure 1 . With these frames established, the raw data from the Polhemus system were converted to anatomically defined rotations and displayed using a custom-made software program written in LabView data acquisition software. Three scapular rotations were used to describe scapular orientation, and 2 clavicular rotations were used to describe scapular position. The 3 scapular rotations were defined using a Euler axis sequence (external rotation, upward rotation, and posterior tilting). 29 Each scapular rotation is depicted in Figure 2 (anterior and posterior tilting, internal and external rotation, and upward and downward rotation). Because the distance between the scapula and thorax is constrained by the clavicle (assuming no translation at the sternoclavicular or AC joint), the position of the scapula is restricted to only 2 degrees of freedom and we contend can be represented by the rotational motion of the clavicle: elevation and depression and retraction and protraction ( Fig. 2 ). This is equivalent to describing the position of a point on the earth with the use of 2 angles: longitude and latitude. Clavicle motion was not monitored directly, but rather clavicular angles were derived from the location of the sternal notch and the AC joint, which were tracked with the thoracic and scapular receivers, respectively.
After mounting the receivers and digitization of appropriate landmarks, 3 primary test motions were actively performed: scapular-plane elevation, flexion in the sagittal plane, and internal and external rotation with the arm elevated to 90 degrees in the coronal plane. In an effort to ensure the proper plane of elevation during active movements, the tester monitored online data from the Polhemus system. During elevation, subjects were instructed to keep their thumbs pointing toward the ceiling and to elevate their arms at a rate such that full elevation was accomplished over approximately 3 seconds. Lowering was performed at the same rate. For each test motion, 3 complete cycles of movement were done while data were collected continuously at a rate of 40 Hz. Subsequent to data collection, data were averaged from the 3 cycles and a linear interpolation scheme was used to obtain data at 5-degree incre- ўўўўўўўўўўўўўўўўўўўўўўўў ments of humeral motion. Each rotation was plotted versus humeral elevation and assessed individually. Only the symptomatic arm was tested, and the same tester took each subject's pretest and posttest measurements. To describe motion for the group, the interpolated data from all subjects were pooled and a single curve for each particular arm motion and scapular or clavicular rotation was plotted.
The manufacturer of the Polhemus system has reported an accuracy of 0.8 mm and 0.15 degrees for this device (measured statically), and we have verified this accuracy under controlled laboratory conditions. The error with our protocol using skin-mounted sensors has been tested previously by comparing measurements obtained from sensors mounted directly to the scapula via bone pins with measurements obtained with skin mounted sensors. 28 Mean errors associated with the skin-mounted sensors during scapular-plane elevation over the full range of elevation were found to be 1.2 degrees for clavicle protraction, 1.5 degrees for clavicle elevation, 4.7 degrees for scapular posterior tilting, 3.2 degrees for scapular external rotation, and 4.2 degrees for scapular upward rotation. The amount of error was dependent on the range of elevation, with much less error below 120 degrees of elevation and as much as 12.6 and 7.3 degrees of error for posterior tilting and external rotation, respectively, at 150 degrees. Interrater reliability was studied among 3 raters using this protocol on 9 subjects without symptoms of shoulder impingement. Sensors were removed and reattached between raters. Intraclass correlation coefficients (2,1) for scapular motions ranged from .69 to .95 depending on the specific scapular rotation and arc of motion assessed.
Impairments. Resting thoracic posture was measured using the thoracic sensor of the Polhemus system and was represented by the degree of flexion (anterior inclination from pure vertical) of a vector formed between T7 and T1. Shoulder passive ROM was measured using a standard goniometer. The following measurements were obtained: scapular-plane elevation, external rotation with arm at the side, and external rotation with the arm elevated to 90 degrees in the coronal plane. Composite internal rotation of the glenohumeral and scapulothoracic articulation was measured by noting the highest vertebral level reached with the thumb as the hand was moved behind the back and up the spine as high as possible. This method has been shown to yield measurements that we would consider to have satisfactory reliability (ICCs of .80 and .90). 33, 34 Isometric shoulder muscle force was measured with the Microfet hand-held dynamometer § using a "make test" technique. Each subject was asked to exert maximal force against the dynamometer, which was held stationary by the tester. Measurements obtained with a handheld dynamometer such as this instrument have been shown to be reliable (ICCϭ.84 -.97) for shoulder medial rotation, lateral rotation, and abduction force on subjects without symptoms. 35 The following force measurements were obtained: (1) external rotation force with the arm by the side in neutral rotation, (2) internal rotation force with the arm by the side in neutral rotation, and (3) shoulder abduction force with the arm in the scapular plane at 45 degrees of elevation. Both force and ROM measurements were obtained such that subjects experienced mild or no pain during testing.
Self-report measures. We used the University of Pennsylvania Shoulder Scale, which has subscales for pain, satisfaction, and functional activities. The pain subscale asks subjects to rate their symptoms on a 10-point scale at rest, during light activities, and during strenuous activities. These ratings were combined for a possible score of 30, representing "no pain at all." Satisfaction was rated based on a single 10-point scale ranging from "completely unsatisfied" to "completely satisfied" in response to the question: "How satisfied are you with your current level of shoulder function?" Finally, function was assessed based on 20 questions related to functional activities, each rated on a 4-level ordinal scale with 3 representing "no difficulty" and 0 representing "cannot do at all." The highest functional score possible is 60 points. The combined total of the subscale scores may be used to determine a composite score based on 100 points, with higher scores being better. This scale has documented psychometric characteristics, including test-retest reliability (ICCϭ.94), responsiveness (standardized response meanϭ8.6, 90% confidence interval [CI]), and a minimal detectable change score of 12.1 (90% CI). 36 Subjects also completed the SF-36 questionnaire to describe their general health status. 37 Intervention A standardized intervention regimen was applied based on physical impairments associated with shoulder impingement.
Interventions included exercises designed to: (1) strengthen the rotator cuff and scapular stabilizers, (2) enhance flexibility of the glenohumeral posterior capsule, pectoralis minor muscle, and upper thoracic spine, (3) improve upper-quarter postural awareness, and (4) enhance patient understanding of environmental and workplace factors that place high loads on the shoulder and are associated with overuse. Subjects were given color exercise instruction sheets depicting each exercise.
Strengthening exercises were performed using 0.9-m (3-ft) lengths of color-coded elastic bands (Thera-Band # ). All subjects began with 3 strengthening exercises using the lightest grade (yellow). These exercises were: The subjects were instructed to start with the band under very mild tension. When they were able to do 3 sets of 10 repetitions without feeling substantial pain or fatigue, the next strongest elastic band was used. Once they had progressed to using green (moderate resistance), new exercises were added, as follows:
1. Shoulder abduction (scapular plane) through a 0-to 60-degree arc with the elbow flexed 90 degrees and the shoulder in neutral rotation, holding the band in the hand with the band oriented horizontally across the body. The subjects were instructed to do 2 or 3 sets of 10 repetitions for each exercise, once per day.
Flexibility exercises were done throughout the 6-week period and consisted of the following:
1. Internal rotation towel stretch: Subjects were instructed to sit or stand while holding a towel with the affected arm behind the back and to use the other arm to pull the affected arm up the back.
2. Cross-body stretch: Subjects were instructed to sit or stand and hold the affected elbow with the opposite hand in front of the body and slowly pull the elbow across the body until they felt a comfortable stretch.
3. Upper thoracic extension stretch: Subjects were instructed to lie supine with a 5.1-or 7.6-cm (2-or 3-in) towel roll positioned between the shoulder blades and allow the shoulders to drop back to surface.
4. Doorway pectoral muscle stretch: Subjects were instructed to stand 0.3 to 0.6 m (1-2 ft) to the side of a doorframe and grasp the doorframe at shoulder height and then rotate the upper body away from the door.
5. Shoulder flexion stretch: Subjects were instructed to hold a stick or cane with both hands while lying supine and use the unaffected arm to raise both arms overhead until they felt a comfortable stretch.
6. Shoulder external rotation stretch: Subjects were instructed to lie supine and rest the affected arm on a pillow, 15.2 cm (6 in) from the side with the elbow bent. Then, holding a stick or cane with both hands, they were instructed to apply downward pressure to the affected arm by rotating it back.
All subjects were instructed to do the internal rotation towel stretch, the cross-body stretch, and the upper thoracic extension stretch. The remaining 3 flexibility exercises were shown based on the therapists' judgment, after taking goniometric measurements, as to whether a subject lacked normal flexibility for those motions. Subjects were instructed to hold an individual stretch for 30 seconds and to repeat each stretch 3 times. They were instructed to perform flexibility exercises at least once per day and twice if able.
To address upper-quarter posture, all subjects were instructed in a chin-tuck exercise, which was supposed to be performed at least 3 times every hour. Subjects were instructed to apply pressure to the chin with the fingers as the head was pulled back, holding it for 3 seconds. Emphasis was placed on keeping the motion horizontal and avoiding tilting the head back or looking at the ceiling.
Subjects were given an exercise adherence log and were required to make a least one visit per week to the treating physical therapist over the 6-week intervention period. Many subjects did not bring their adherence log on return appointments despite what we believed was apparent adherence to exercise. Therefore, adherence was monitored based on verbal reports, ability to dem- In addition to exercise, all subjects were given basic instruction regarding the anatomy and basic biomechanical issues related to shoulder impingement. This instruction included an explanation of arm and trunk positions that may promote impingement such as shoulder elevation with internal rotation or elevation with a flexed thoracic spine. Simple strategies to reduce loads on the shoulder were reviewed such as working with the arms below 60 degrees of elevation, keeping loads close to the body, use of armrests, and use of ergonomic aids or assistance from other people for heavy lifts. The concept of avoiding undue repetition and prolonged static work postures also was reviewed.
Data Analysis
Descriptive statistics were calculated for all dependent variables (kinematics, posture, muscle force, motion, shoulder function, and overall health status). For analysis of kinematic variables, plots based on group means before and after exercise were generated for each scapular and clavicular rotation (y-axis) versus humerothoracic motion (x-axis). To determine differences between pretest and posttest kinematics, a 2-way (time ϫ humeral angle) analysis of variance was performed for each scapular and clavicular rotation. For the flexion and scapular-plane abduction tests, we included only the humeral angles of 60, 90, and 120 degrees during raising and lowering in the analysis because not all subjects were able to achieve 150 degrees and the arc between 60 and 120 degrees is believed to be the range where maximal impingement typically occurs. 38, 39 For humeral rotation testing, we analyzed the data between 0 and 60 degrees of external rotation because this was the range all subjects were able to achieve. For posture, muscle force, and motion, paired t tests were used to determine differences before and after 6 weeks of intervention. Shoulder pain and function were compared before intervention and 6 weeks and 6 months after intervention using repeated-measures analysis of variance. Pearson product moment correlation coefficients were computed to determine the relationship between change in various impairments and change in overall shoulder function as measured by the University of Pennsylvania Shoulder Scale.
Results
Plots showing mean curves before and after intervention for each scapular and clavicular rotation during various arm motions are shown in Figures 3 through 5 . During both shoulder flexion (Fig. 3) and scapular-plane abduction (also known as "scaption") (Fig. 4) , a general pattern of scapular upward rotation, posterior tilting, and external rotation with clavicular elevation and retraction was observed. The pattern of motion found during raising of the arm was, in our view, very similar to that found during lowering of the arm. During both flexion and scapularplane elevation, there were no increases in scapular posterior tilting, external rotation, or clavicular retraction after intervention. During humeral rotation with the arm abducted 90 degrees in the coronal plane, a general pattern of scapular posterior tilting, upward rotation, scapular external rotation, and clavicular retraction was found as the arm moved from internal to external rotation with very little change in clavicular elevation angle.
The data for thoracic posture, passive ROM, and muscle force are shown in Table 2 . Thoracic posture did not change. Isometric force increased in all directions. Internal rotation (thumb up vertebral column) and external rotation with arm abducted to 90 degrees showed increases. The data from the University of Pennsylvania Shoulder Score are shown in Table 3 . Subjects showed improvements in pain, satisfaction, and function 6 weeks after intervention. Thirty of the 39 subjects returned self-report forms 6 months after intervention, and the improvements were maintained. The SF-36 scores obtained before and after the rehabilitation period are shown in Figure 6 . Increases (PϽ.01) were found for the physical function, role physical, bodily pain, vitality, and mental health subscales of the SF-36.
Correlation between the change in University of Pennsylvania Shoulder Scale score and changes in various impairment measurements were found for external rotation force (r ϭ.39, Pϭ.01) and internal rotation ROM (r ϭϪ.54, Pϭ.001). These correlations indicate that a gain in external rotation force and a gain in internal rotation ROM (higher vertebral level) were associated with gains in functional scores. Correlations with change in internal rotation force, abduction force, and elevation ROM were not significant.
Discussion
Our data agree with those of other researchers [23] [24] [25] 40, 41 who have documented improvements in impairments and function following an exercise program in patients with impingement syndrome. We designed the intervention program to be simple and require a low number of visits. The program was essentially a home program with weekly coaching and minor modifications rather than one requiring extensive manual techniques from a physical therapist. Bang and Deyle 25 followed patients for 6 visits over 3 weeks and found that patients who received manual therapy and exercise demonstrated greater short-term improvements in muscle force and pain than those who received exercise only. A major limitation of Mean scapular and clavicular rotations during humerothoracic internal to external rotation (minimum to maximum) with the arm abducted to 90 degrees in the coronal plane; negative numbers represent internal rotation. The solid line represents pretest values, and the dashed line represents posttest values. "Max" represents the mean peak humerothoracic external rotation for all subjects, which was 79.3 degrees (SDϭ18.6) pretest and 83.0 degrees (SDϭ16.3) posttest, and these differences were not significant. "Min" represents the mean peak humerothoracic internal rotation for all subjects, which was Ϫ26.9 degrees (SDϭ25.3) pretest and Ϫ31.0 degrees (SDϭ15.1) posttest, and these differences were not significant. ўўўўўўўўўўўўўўўўўўўўўўўў our work is that no control group was used. The positive changes we observed, therefore, cannot be distinguished from placebo effects or the natural history of shoulder impingement. Furthermore, the tester was not masked, and therefore bias may have been a factor. In addition, we did not examine the reliability of our measurements for the type of patients we were studying, and little is known about the reliability of data obtained from some of the measures that were used.
The natural history of shoulder impingement without intervention has not been well documented. Table 4 compares the results of our study with those of previous shoulder impingement studies where placebo or no intervention was compared with other interventions and pain and function were measured. 23, 40, 42 Although different measures of pain were used in each study, collectively they suggest that pain associated with impingement does not spontaneously resolve and may even worsen slightly with no intervention or placebo. Without active intervention, shoulder function showed a decline in 2 studies 23, 40 and did not improve in another study. 42 In comparing our results with the results of these studies, we believe it is unlikely that natural history accounted for the positive changes in pain and function.
Ludewig and Cook 11 identified relatively lower serratus anterior muscle electromyographic activity in patients with impingement compared with controls during loaded elevation in the scapular plane. Several authors 10, 11, 26 have suggested that patients with impingement syndrome have altered scapular kinematics as compared with controls without symptoms of impingement syndrome. One explanation for a lack of change in scapular kinematics may be that the test movements we studied were not challenging enough to the musculature to show changes due to altered or improved muscle activation. Other studies 11, 26, 43 have suggested that patients with impingement show greater deficits under loaded conditions. It seems logical to us that testing with loads applied or under fatiguing conditions might amplify subtle deficits; however, we were hesitant to do this because of concerns about inducing pain or increasing symptoms.
We expected to find more substantial changes in kinematic patterns after exercise based on previous studies suggesting deficits in patients with impingement 10, 11, 26, 43 as well as previous work suggesting that exercise in individuals with common postural deficits alters scapulohumeral rhythm. 44 Wang et al 44 found an increased relative contribution of the glenohumeral joint compared with the scapulothoracic joint during shoulder elevation after a 6-week exercise program that focused on the posterior scapular stabilizers and glenohumeral external rotators. They used a static technique that required digitization of multiple bony landmarks while the subjects held their arm in various positions statically, whereas our method tracked motion continuously. They also used planar projections to represent scapular motion, whereas we used a Euler angle system with axes embedded in each bony segment.
We believe another potential explanation for the lack of change in scapular kinematics is that not all patients with impingement have abnormal scapular motion. It may be that only a subset of patients with shoulder impingement may have scapular motion abnormalities. However, at present, there is no accepted or validated operational definition of "abnormal kinematics." Graichen et al 45 used 3-dimensional reconstruction of magnetic resonance images in subjects with and without impingement syndrome. They found that a subset of 5 out of 20 subjects with impingement syndrome showed a pattern that was abnormal, defined as greater than 2.5 standard deviations of the mean, yet these differences were obscured in the group data. The abnormality they identified was increased upward rotation of the scapula. Ludewig and Cook 11 found that subjects with impingement symptoms anteriorly tilted their scapulae about 2 degrees during humeral elevation (60°-120°) in the scapular plane, in contrast to the posteriorly titled scapulae seen in the subjects without impingement symptoms. In contrast to Graichen and colleagues' findings, Ludewig and Cook found subjects with impingement symptoms had less scapular upward rotation compared with subjects without impingement symptoms. Our subjects, as a group, anteriorly tilted their scapulae by about 1 degree between 60 and 90 degrees of elevation and then posteriorly tilted their scapulae about 1 degree between 90 and 120 degrees of scapular-plane elevation. These motions are small and within the range of measurement error. During flexion, our subjects anteriorly tilted their scapulae about 3 degrees between 60 and 120 degrees of humeral elevation. A defensible operational definition of "abnormal" kinematics remains to be determined.
There is also no standard method for determining which patients have abnormal scapular motion. Kibler 46 has described a simple test based on linear measures of the distance between the scapula and the vertebral column with the arm in defined positions. The reliability and validity of data obtained with this method, however, have been challenged. 47, 48 We believe a method of reliably identifying patients with scapular motion abnormalities that is suitable for routine clinical use would be of great value because it would allow intervention to be directed toward improving scapular muscle force and control in those patients. Shoulder impingement secondary to poor scapular control may require different intervention than impingement due to other causes.
Our intervention was focused primarily on changing physical impairments related to impingement in order ўўўўўўўўўўўўўўўўўўўўўўўў to produce changes in pain and function. We found an association between shoulder function and 2 specific impairments, external rotation force and internal rotation ROM. In the absence of a control group, we could not determine whether improved motion and force caused an improvement in pain and function. It is possible that a decrease in pain allowed greater ROM and force generation.
Our exercise program emphasized rotator cuff strengthening and avoided elevation exercises until the glenohumeral rotators demonstrated enough force to use green Thera-Band. This approach was based on our belief that the glenohumeral rotators perform an important depressor function that keeps the humeral head centered on the glenoid fossa during elevation. Paletta et al 9 have documented that patients with rotator cuff tears demonstrate abnormal superior translation of the humeral head during elevation, which is abolished after rotator cuff repair. Therefore, our protocol was based on the belief that premature use of elevation exercises (flexion or abduction) with rotator cuff weakness may encourage the impingement process by allowing humeral head superior translation from the deltoid muscle and should not be used until adequate force and activation of the glenohumeral rotators has been achieved. Compared acromioplasty, supervised exercise (nϭ50), and detuned soft laser (placebo) (nϭ30) Measurements taken at 0, 3, and 6 mo Pain measured at rest and during activity on a 9-point scale (1ϭno pain, 9ϭworst pain) "Function" measured using Neer impingement test score, which combines muscle force, stability, and reaching ability (30ϭfull function)
Placebo group: At rest: 5/9 pretest, 4/9 at 3 mo, 4.5/9 at 6 mo During activity: 7/9 pretest, 6/9 at 3 mo, 6/9 at 6 mo Exercise group:
At rest: 5/9 pretest, 3/9 at 3 mo, 2/9 at 6 mo During activity; 7/9 pretest, 4/9 at 3 mo, 3/9 at 6 mo Ginn et al, 40 1997
Compared a 4-wk exercise program (nϭ33) with no intervention (nϭ33) Measurements taken before and after 4-wk intervention period Pain was measured on a 10-cm visual analog scale (10ϭworst pain) Self-rated improvement measured on a 5-point scale (1ϭcompletely recovered, 5ϭworsened)
We found that the ability to move the thumb up the back, as a measure of internal rotation, improved by almost 2 vertebral levels. Internal rotation is believed to reflect the length of the glenohumeral joint posterior capsule, and tightness of this structure has been shown to promote anterior-superior translation of the humeral head consistent with subacromial impingement. 12 Measuring internal rotation by vertebral level has been criticized for poor intertester reliability by one group of researchers, 49 although they used ratings obtained for only 3 subjects, whereas other researchers 33, 34 have found reasonable reliability (ICCϾ.80). Other researchers 50 also have pointed out that measuring medial rotation by vertebral level incorporates elbow motion and substantial scapulothoracic motion. We chose to use this measure primarily because patients with impingement are often unable to tolerate internal rotation with the arm elevated to 90 degrees. In addition, placing the hand behind the back appears to be important for several functional activities such as fastening a bra, tucking in a shirt, or toileting functions. Determining the optimal way to document tightness of the posterior capsular as well as the optimal way to improve it with stretching, we believe, are worthy of further study.
Despite exercises directed at encouraging upper thoracic extension, we did not find altered resting posture in the upper thoracic area, nor did we find increased thoracic extension during shoulder flexion. Upper thoracic extension is believed to be an essential component of arm elevation, and the exercise program may have facilitated subtle increases in upper thoracic motion that were not detected with our measurement system.
The relatively high attrition rate (33%) was disappointing and potentially biased the results. The subjects who dropped out, however, were very similar to those who completed the study in terms of age, size, duration of symptoms, pain intensity, and shoulder function. A greater percentage of male subjects than female subjects dropped out of the study. The majority of the subjects who dropped out (11/20) did not return after the first session, which consisted of initial testing and exercise training; 6 subject completed 2 visits, 1 subject completed 3 visits, and 3 subjects dropped out after 4 visits. We believe it is unlikely that an adverse response led to dropping out of the study, because no subject reported such a response and the exercise program was designed to avoid pain. We believe the urban location combined with stressful personal schedules prevented many subjects from completing the 6-week program, which may explain why our attrition rate was similar to that for all other patients seen at the same clinic (38%). The fact that patients were not paying for intervention may have been an incentive; however, the majority of patients in the primary clinic pay little or nothing out of pocket for intervention, and "free" intervention that emphasized a home exercise program may have been perceived as less valuable. Another possibility is that once patients realized the intervention consisted of a home exercise program, weekly clinic attendance may have been perceived as unimportant.
Conclusions
A simple 6-week exercise program aimed at strengthening the rotator cuff, increasing the flexibility of the posterior glenohumeral capsule, and encouraging upper thoracic extension and a retracted head position may have resulted in improved muscle force, motion, pain, and function in a group of patients with shoulder impingement. In the absence of a control group, we cannot say with certainty whether the intervention led to changes in the patients' status. The changes we observed, for example, cannot be distinguished from those that might occur due to the natural history of shoulder impingement syndrome. Alterations in 3-dimensional scapular kinematics were not observed after exercise, and this finding suggests the possibility that only a subset of patients with impingement syndrome may have problems with scapular motion.
